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The Galileo
Mission

From orbit around Jupiter, the Galileo

spacecraft will take the closest look ever
at the planet and its natural satellites

by Torrence V. Johnson

briefly in Jupiter's sky, It will be not a meteor or tomet but a
device manufactur ed pn the earth that will slam intoe the thin
rases Of the upper Jovian atmospher e at nearly SO kilometers per sec-
ond. Within minutes a parachute will unfurl 10 slow the projectile, and
the remaina of 1ts heat shield will falt away, For a Httle more than an ¢
hour, the exposed instrument will descend, sending data on composi-
liom, temper atur e, pressure and cloud structur e to its parent craft, Ga-
lieo, pagsing 200,000 Xilometers overhead.

Gallleo will stor e the signalxs for ransmission to scientists waiting Oh
the earth. As tw probe's signals Iade away, a rocket on Galilee will fire
for almost an hour, placing the crafl in a lar ge, looping orbit around
the planet, After visiting two other planets and two astereids on s six-
year journey~-and cm the way making some unexpecied digcoveries—
the spacecralt will finafly be at fts intended destination: Jupiter. Three
hundred and eighty-five years after Galileo Galilet discovered the Jo-
vian moons, a man-made satellite bearing his name will joln their end-
less circuit.

Project Gallleo was born in the mid-1970s, after Pioneer 10 and Plo-
neer 1J had flown by Jupiter and the amhitious Voyager missfons 1o
_the ends of the solar system had been initiated. [t was clear (bat Jupiter
and ita peculiar moons—forming & type of miniature solar system—
were Worth more than a passing giance. in 1976 a téam Jed by James
Van Allen of the University of fowa presented 1o the Nationa} Aerouau-
Lics and Space Adininistration a dual mission plan: an entry probe to
study hupiter’s atmosphere as well as a sophisticated device that woutd
circle the planet about 12 tnes Over two years, transmitting taforma-
tion about Jupiter, itsmoons and |tS mammoth magyetic field [W box
on pages 48 and 49].

The misston wag approved by Congress, and Galilep was slated to be-
come, in January 1982, the first planetary spacecraft launched by shat-
tic, But the shuttle program rim into technical hitches, as did the three
stage solid-fuel rocket needed 10 send Galidep all the way ta juplter, Af-
ter several other schemex had been considered and discarded, the
propulsion system was replaced by oneustng a single, powerdud rocket
Tueled by licurid hydrogen, and the lsunch was reset for May 1988,

Then, in January 1986, soon after Galiteo was macked fromi the Jet
Propulsion Laboratory { JFL) in Pasadena, Calif,, to the Kennedy Space
Cemer in Cape Canaveral, Fla, the tragic Challenger accldent occusred,
killing seven people on board. All subsequent shuttle launches were
puton hold for an indefinite period, M oreover, Galileos liquid-hydro-
ren racket was deemed t0o dangerous to transport in a shuttle' s cargo
bay and was dropped from consideration. The only propulsion systerm
that Galileo was now allowed, a two-stage solid-fuel rocket, would not
be energetic enough to get it to Jupiter.

Fortunately, a mission design team at JP'L. tame up with an innova-

O n Becember 7, 1995, a new form of shooting star wili blaze
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GALILEQ will approach ko, hapiter’s valcanic wWoon, on Decem-
bes 7, 1995, The cornbined Actan of Gallleos thrusters and fo's
graviwtional pu) will place the Bpacecraft in orbir araund Ju-
pitrr. Because of a nmlhmcdonlng ape yecordes, bowever, Ga-
ilen may not be abie to make observations during this clopest

e ounter,

2127ss197f,

.03



EL MO .LLlaorOoaa i L

.SCI AM EDIT
/4

live solution. Galtleo could SWINE BY golar system. The new VEEGA rajecto-
Venus and the earth, gathering enesgy 1Y (for Venus  Eacth Earth gravity assist)
from ihe planets’ motions around the would take the spacecraft 10 Venus and
sun to supplement 18 inadequate nock- twice past the earth before it finally left
e it would, in the end, be able to reach far Juplrer. Apart from the planetary
Jupiter—and on the Wav Drovide pves Choounters, the devious routa included
more scientific ghservations than had two passages through the 2steraid belr
been planned. They involved close encounters With twa

The Sokar WM agleroids, members of the salar family
1§ 1 o,

e ST e T R SR

G aliledfwent into space on'October through 1i¥'long cruse, some Bt Gali-
18,1989, riding In the cargo bay of lee's instruments were kept busy scrur
Atlanns, m deployment from the tinizing interplanetary space. The mag-
shutte, [ solid-fuel rpck- netometer manitored the interplanctary
els fired, making the spacecraft fall,  agnetic fiedd and the golar wind, made
paradnxically, ioward the Center of the Of charged particles flowing from the

sun over enornous distances. The ex-
treme uitravinlet msrument alsa proved
immediately usefint, Galifeos measure-
ments were used 10 calculate how radi-
ation from the sun varfes with the lati-
tude from which it is emitted. allowing
researchers 1o Wpdate models Of the
sun’s dynamics.

The radio transmitters, which ar e
used for communication, also turncd
it valuable science, From the opposite
side of the sun, Galileo sent radio waves
ta JPL that just grazed the visible solar
surface. Turbulent processes On the Kin
and the ways in which miaterial spurts
Off into the galar wind were measured
via their effects on the radlo waves pass-

Jupiter's Instrumented Satellite

alilea is unusual in having two segments,

ong of which sping; the other is stationary,
Rotation !mparts stablfity and also allows the cqp,.
munications antenna, which (ies along the spin
axis, to point steadily to the earth, Survey instru-
ments that $€ah the e ntire sky are mounted on
the main, rotating section; devices that have to

be directed toward a particutar object for 3

form. The Galllep mission Inwvolves significant cooper-
ation with the Federal Republic of Ceymany, whith
supplied the propul sion system and seyeraf Of the
Instruments, Ax /
The probe will enter Jughters atmospherejust as Ga- s
lileo arsives at the planet on December 7. That same /:\ &;‘

day, lo¥ gravity,mb&d.mmckel thrusters, wifl Lok
{ Califep into orbit around Jupiter, From that posi-

doss nat function. |

LOW-GAIN ANTENNA,
is used for communications

and radiv experiments,

Net g - /

EXTREME ULTRAVIOLET SPECTROMEYER /

lohg time are 0N the stationary ‘scanplat- { don it Will transmit data for two vears, — TV
N
MAGNETOMETER S§E.NSOHS maasure
magnelic-fisld strength and direchion.
/ DUSY DETECTOR 00unts microscopiit §rans
and moksures heiraengy. Slg( vl
A t
PLASMAWAVEANTENNA  / (}gﬁgﬁw@ (
deteats slectromagnatic ~a~ of . .
wagas in Jupiter's magnoto~ ﬁAwm%m%§&m<
sphere. nmapping spectrometer, solid-slate
lwm,@,ﬁm& and photopoladmer
for radiomaret for anaiyzing radiation
MAIN ANTENNA. which was o diverse wa\m(engmsy_zm
designod 10 bo tha primary
romymmicaiions devion, is
only partially opensd and | Samaer | JUPITER ATMOSPHERIC ' T'I

PROSE has soven instis—
.. —__ mants thal measud tamper-

aluns, prossurg and wind

spesd, *well as Mghtning

bursts apdehoir

cempasiion .

\ PROBE HELAY ANTENNA
recoivag data from the probe,

! Ao

WL ehecks fo high-enargy radiation .

’W\ﬂ M L fom tho Io torus o auroras on Jupiter. (\\\ A
W THRUSTERS bum propel,

{ lant to change the t
’ tha spacecraly, E
: RADIOISOTOPE YHERMOEL ECTRIC GENERAYORS — . ¥
(V%/ provids :leouomrgy foe the spacecralt and its Instruments. 5
M{ \ 5
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ing through.

Gatileo had 10 fly
the fiest log of s
mission WIith is
main, umbrellalike
antenna {urted and
lydden behind a
su nshade that pra-
tected iv from the
direct rays Of the
snu. The configura-
tion made this jm-
portant device, de-
signed to transroit
data at high rates,
unusahle. The gpace-
cvaflt also has a amall
antenng At gither
rid, but these were
100 weak to send
much information
over Jong distances.

As a result, Galt-
feo B tape recorder
was prograromed to atare fnformation
about Venus duying the few hours of
clusest approach, The bits were relayed
to the earth over obte of the two low-
guin antennae—the one pointing w the
earth- . when Galiteo returned for its
first visit in December 1990, The prpy-
imily ensured that the signals were re-
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WINDING ROUTE to Jupiter has taken Galifeo past Venus, patt the earth twice
and through the asterodd belt twice. Onre It prbit around fupiter, Galiles will
have 21 cloge encounters with the planet’s four fargest trooons.

than 10 zeconds and stalled, Later anal-
ysls shawed that several, ly three.
of the anrenna’s ribs were not deployed,
leaving the Instrument a useless, twist-
od sack of metal mesh

Intense efforts over several years have
failed 10 open the antenna. The best en
gineering judgment is that the eibs arc

ceived loud and clear, despite the low permanemtly jamoed, probably because

power at which they were ransmitred.
Infrared images raken by Galileo pemne-

of the logs of Iubricant during the long
truck rides the spacecraft took from the

ratedd deep within the atmosohere of Pacific coast 10 the Atlantic in 1986,

Venus and gave the closest view
ever of the suructure and dy-
namics of its Jower cloud layers,

Galileo was also able o ob-
Serve the carth from the per
spective of  an interplanetary
explorer, producing a stunning
movie of gur watery planet. The
spacecraft exarained the outer
expanses of the earth's maguet-
ic Tield and took the fivst ey
sirements of the moon's far
sick since the day. of the Apot-
lo program. These Images re-
vealed @ neient voleanic pro-
vesses in regions nol visited by
astropauts and beautifully con-
firmed the existence Of an an-
cient, huge impact basin on the
{ar side, the South Pole-Aftken
Vasin.

A Communications Disaster

oon aflter swinging past the
earth for the last tme, Ga-
{fileg encounteced a major tech-
nical prohiem. Now that the
spacecralt was far enough from
the sun, ground controllers com-
manded ity Jarpe antenna (o -
furl. ‘The motors ran for less

CREQT TCCRET 1Y
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VINUQ was imaged In Iofrared Bght by Gallleo durlngblhe e
its fivhy, The radiation deeys within the at ack over the fow-gain antenna
thq inner layer of ¢louds vo be  while the spacecraft was near-
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back to the Pactfic
when Jaunch was de-
layed and again to
the Atlantic tn 1989.
For a few devas-
tating months, the
team thought 1t had
lost much, if not aft,
of the orhital mis-
slan. The probe's
data could b¢ re-
tumed to the earth
with the stoall an-
tenpa that h ad
served since Jaunch
for communications.
But plans for gath-
ering data duying
orbit depended
heavily on the unde-
ployed antenna, de-
signed to transmit

ar 134,000 bits per
second. A gerfes of

braingtorming sessfons slowly com
vinced the planning team thata good
deal of the science could still be done
with the smal anlennag despiteits,
; _ ol onle 10 s

N :Teste Yot aite
Of Immediate concern was the up-
coming rendervons With Gaspra, the
first meeting of a spacecraft with an as-
teradd. Plans for the Gaspra observa-
lions were already far along, relying on
fast conamunications through the main
antenns, both for maneuvering
Galdeo close to ﬁwma}steroid and
fos vnfin hac orrmaton
a mgg feverishly, enghoeers
figured oul how to replace the
planned 20 or more pictures
needed for navigation with only
five. (The camera shutter was
left open xo that the stars ap-
peared as streaks; one picture
therefore served for several.)
There was just enough time to
recelve these critical images,
which helped 1o fix the exact
position of Gallleo, from ttre
low-gain antenna, The interna.
tional astronomica) community
pitched in with a campaign of
observations of Gaspra's orbit,
avitalelementin determining
wher e the spacecreft would be
with respect 10 the asteroid.
The gigabit magnctic tape
recorder on Galileo that had
scrved for the Venus fiyby was
tecruited for sioring the Gaspra
images. Becaute Gallleo was to
vigit the earth one more tinse,

n cou}q be played

e

by. This strategy made it possi-
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bletoTetain the most important exper
iments despite the loss of mumediate
ransnuissions from the main antenna.

Meeting Gaspra and kda

cvertheless, we reclaimed a few
L Nimages immediataly after the en-

Mo .2127551976
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counter to sce what our efforts bad net-
ted. The navigation had been extraordi-
narity precise. The pictures offered the
first close-up look at an asteroid, re-
vealing an {rregularly shaped rock with
many smalt impact craters but fewer
large craters than expected. Marly of
the particles in the asterofd belt were

4 W T W

apparently smaller than had been esti-
mated And it scemed that Gaspra must
have {regmented quute recently, about
300 to 500 million years ago, froma
Jarger body made of rock.

The remaindng data were resumed
when Galfleo came home for the last
time, In December 1992. It showed, in-

why  Jupiter?

r]:‘hk‘ Voyager 1 flybys of | 979 Convinced ~.-
Leanomers that Jupiter and {ts moons are
far more interesting than they could have
imagined, With Its planet-sizemaons | n circu-
lar, coplanar otbits, the Jovian system looks te-
markably like a small solar system.

Jupiter itse¥fIs inmany ways like a star. iy
tontalns 70 percent of the mass of ali the plan-
ets in our sofar system combined and is com-
posed mainly of hydrogen and hellum, Gravita-
tional energy released when the planet formed
4.5 billion years ago is stlt trapped deep in-
side and seaps out slowly, so that the planet
radiates almost twice the amount of energy it
receives fromthe sun.

In additlon, Jupiter’s atmosphere most fikely
represents the best sample of the original neb-
ula from which the solar system formed, The
nebula contained mrainty light elements, espe-
«ially hydrogen and helium, which rocky plan-
ets such As the earth either never had orlost a
tong time ago, Inthesun Itself, the gases have
been modified by thermonuciear burning. But
on the glant planet everything has been pre-
served, held by [he massive gravity. Cafikeo's
probe will reveal the composition of this gas
and dust. refining our understansding of how
the solar Systemn came to be,

Jupiter has no surface in the usual sense.
The hydrogen becomes denser with depth,
tondensinginto a hot liquid at rather shallow
_gr%g,s;xmo this hydrogen ocean falls a perpet-

3T caih of helium. further down, hydrogen be-

,/\ emes a metal, very Hkely providing the high
’W\‘ electrical conductivity requirad for generating
Jupitersy powerful magnetic field.
/ Jupiter is also a massive natural laboratory, A
ylobal atmasphernic model should be applica-
ble not only 1o the rarth but alsg to other plan-
ets; Jupiter. with its high gravity, last spin and
tusual chemistry, provides a testing ground
as different as possible from the earth. Many
of the entry probe’s measurements are designed
to provide “ground truth” for calibrating atma-
spheric models, which wilf ultimately help fn
understanding the earth.

JoviawSatelljtes
pe
‘Tupiter'’s aAtedtive beil h
err'msg'oux- ¢ha cloudol afa-eﬂﬁgﬁé’mgé
centered aroundh (e, plad&t. miish a5 the
planets formed around the sun. The large rocky

moons, 10 and Europa, are clogest to jupiter—

JURITER WITH iITWO GALILEAN SATELLITES, 10 (LEAT) AND EURORA {RICHT)

ANYMEDE
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art JTT TE: HNn.2127531976 HE ST T i wvituuonas boost from the earth
I AM v b . anuagoM ULECUAN CIORE The second enconnter with the earth  xent the craft toward its final destins-
10 Gaspra, 38 though encountering a  was an oppartumty to conduct vitai  tion on December 8, 1992, (Incidental-

magnetic obstacle. If Gaspra has a  calibrations. Jt afso provided excellent  ly, it 8180 siowed the earth down by a

magnetic field, it could have af-  views of the pootily studied north polar minuscule fraction: iuckily  Hrie seosmr

fected the solar wind field jp 5 similar reglons Of the moon and, as a final “bon is tiny compared wiih the gravitational

way, Lvidently, the magnetic propertics  voyage® gift, a beautiful movie of the jostling from other planetary bodies,

of asteroids were far moreinteresting  moon and the earth together. and we were not required to Gle a new

ATMOSPHERIC STREAMS ON JUPITER VOLCANIC ERUPTION O 1O ’ﬂiﬁr‘g’ {2:'{:?;5',?&?? j,‘jﬁ': iﬁi,ﬂe;f,ﬁgry f;ﬂ
tern. Further out, GCanymede and Catlisto have
far more of the lighter elements, such as hy-
drogen {in the form of ice).

Each of these |ar ge sateitites is also a fasci-
nating body in fts owrt right, worthy of a visitif
it were instead orbiting the sun as a small
planet o, about the size of the earths moon,
is the most volcanically active body in the solar
system, being Comnlgm]_ug_s%rfaced by lava
every 18U years. Un|lke the €arth, wnose voica-
noes e reenergized by heat from radioisotopes,
lo’s are hreated by tidal distartions created by
Jupiter and its othdy moons. The velcanic clouds
create a patchy atmosphere of sulfur dioxide,
part of which escapes from the planet; there-
mainder freexes out onto the surface.

Europa. also the size of the earth¥ moon,
has a strange cracked, icy surface that makes
it 10 time s-a bright ln reflected light. Cany-
mede and Callisto are heavily cratered, aged
BOLAR WIND INTERACTS WITH HAGNETOSFHERE mwoons, both about aslarge as Mercury, ¢on-
taining large amounts of ice, Cailleo’s | 1 close
encounters with these four largest satellites
will reveal countless details, such as the com-
position of 10% lava and Callisto's r ocks ape ihe
thickness of Europa’s Icy crust.. el

LA et OV

A Strong Magnetism an

r

M

'

T he area around a planet that is dominated
by [ts magnetic field is called the magneto-
sphere. jopiter has the most extensive magne-
tosphere In the solar system:if the volume of
spaceitencioses could somehow be made wis-
ible to the human eye. it would look larger
than the full moon in our night sky.

Co The magnetosphere forms a barrier to the
electrically charged particles inthe solac wind,
forcing itto detour around the invisible block.
A shock wave forms at the upstream, or sun-
ward, edge of the magnetosphere; downstream,
the magnetic field Is elongated to form a “r'nag.
netntail.” The magnetosphere ishome to high-
ly energetic charged part} cles, immense ¢ur-
rents and a bewildering array of electromag-
netic Waves.

A huge spinning ring, or torus, of sulfur and
oxygen lons surrounds Jupiter and makes up
the inner part of the magnetosphere. The ma-
terialis stripped off from Vo, which must sup-
ply aboutatenof it per second. Galileo will
study regions and processes inthe 10 torus
and the magnetosphere that were Inaccessible
‘to previnus spacecraft, —TV/
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huned to the earth 50 that the interesting parts <ohid be lo-
cated without the entire iinage having to be ent. (The falture
)(gflhemuinnnteluu nevessitated such extreme econommy in

environmentzl impact statement]) The
trajectory was adjusted so that Galieo
would axrive at Jupiter on December 7,
199S. On the way, it would also encoun-
ter asteroid Ida, pn August 2§, 1993.
The Jda meeting presented new chal-
lenges. There was no prospect of using
the stuck main antenna, and no mom
passages by the earth to sidestep the
cammunications bottleneck. The trans-
musslon rate for sending Ida’s data
would never exceed 40 bits per secund.
Yet the zcientiste wanted to make ob-
servatons twice as close to Ida as to
Gaspra. Becanse lda iy about twice the
size of Gaspra, my portrait would also
have four times the surface area,

An intense pavigational effort was set
into motion to get evenbetter data for
Ida than for Gaspra. Techniques 'were

. devedoped (o search the recarded tape
#0 that the empty “black sky™ frames
need not b-e returned. leaving the anten-
nx free to tranamit only the essental
Irvages. Nature helped sormewhat: Ida
has a perted of 4.65 houss, about two
thirds that of Gaspra, so that Galileo
would see all the sides of Ida fram clos-
£1 range.

The initin} images showed Ida to be
an extremely irregular object about 56
Wilometers |ong, with & very heavily cra-
tered surface. Ida 1s a member of an as-
rerold group called the Koronis family,
believed to be left over from the break-
upof a larger parent body about 100
Kilometers across. Some theorists had
argued that the breakup occurred no
rore than tens of millions of years ago.
|da’ s crater-scarred, apparently ancient
surface suggests instead that the Koro-
nis family and perhaps others as well
may be onc or mor e billion years old.

Ida's Son

There was another Sm’prise in store,
In February 1994 scientists began

S0  ScreermiC AMERICAN Decenber
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alongside Ida (lef?),
vealed the

10 screen the remainder of the Ida tape.
Smell parts of scupe of the image frares
had been obtained as “jailbars"—se
quences to which a few scanned lincs
were seat, many were skipped. then a
few more were returned, and so on (o
the end of the frame. The regions con-
taining Ida were Jointed so that they
could be played back in full later.

Examining the jallbarg for the first
lime, Imaging team associate Anx Harch
noticed an odd speck alongside Ida.
Ruling out a UFO as somewhat unlike-
ly. the team checked for astranomical
Sour ces that might madvertently have
appeared in the background. Findiy;
n%n e, they concluded that they ha
found amid asteroid, a moon,
nextto |da. P

The Infrared team, which afso bad
jatlbars, canfinned the asteroid’spres-
ence. The imaging and Infrared groups
quickly realized they had slightly differ-
ent views of the same ohject. A rapid
calculation of parsllax angles showed
that the rock was about 100 kilometers
from the center of Ida and had not
moved much in the fow minutes sepa-
rating the cbservations. The small body.
close to a larger asteroid and moving
very slowly, was almost certainly a sat-
ellite. The Internatdonal Astrofhomical
Union named it Dactyl, after the Dac-
tylos, the sons of 1da and Jupiter.

It happened that egsentially every
view taken of Ma also contained Dac-
tA. The bigh-resohution images reveal ed
the moon to be a potato-shapwed, pock-
marked ohject, clearly not some recent
colliztona] fragment. It was b1 M arbit
with a period of 24 botrs or more. The
range of possible Orbits that fit dhisde

dct

theu‘ansmisaionofd;m.}ﬂmhﬂbmnvulad a small speck
b"fuummge(rigm. when reclalmed, re-

rock about a Klameter wide, orbitiny

Ma—the first known asteroddal moon.

fts origin? A collision could have sent a

piece Of debris from ida {tself into or
bit. (A variant of this {dea 15 that the
earth’s room formed when a “megaim-
pact” blasted material off the earth,
which Lhen coagulated With debris from
the impactor [see “The Scientific Legacy
of Apollo,” by G. Jeffrey Taylor; SCrn-
TOIC AMERICAN, fuly 1994]), But then
the fragment would have Jrad to collide
with some other strategically placed de-
briz, Or else ft would simply have fallen

back to kda. More likely, both Dactyl and
lda were produced when the parent
bOdy 0! the Koronis famtly broke up, 1f

the two fragments stayed relatively
close to each other, they could have be-
come gravitattonally bound.

Scientsta are divided about how like-
Iy an asteroid is to acquire a satellite
and how long the {atter can survive,
since tNe early part of this centusy,
there has been scattered evidence that
some asterotds might actually be bina-
ries, two bodies orbiting each other at
close quarters. But small rocks et
putted out Of orbit casily by the per-
wrbing effects of the sun and the other
pRnets, especiall y Jupliter, Dactyl, or
biting within a few raddl of Ida, is well
within {3 sphere Of fnfluence, but it re-
mains t0 be seen how long it will stay
them

Nearing Tupiter

In July 1994, when still ane and a half
yrars from Jupiter, Galifeo was unex-
pectedly treated to a grand show: Com-
€t Shoeruaker-Levy 9 impacting on the
night side of the planet {see “Comet
Shotmaker-Levy 9 Meets Jupiter, by

duction can belp constrain the mass \ David H. Levy, Bugene M. Shoemaker
and therefore the density of Ida, which and Carolyn S. $Shoemaker; SCIENTIFIC

turns ous  to be similar 1o 1that Of many”
rocks and stony meteorites. .

The discavery of |da’s moon raised
mar ry questions. what, for instance,

1995

AMERICAN, August]. Galiteas computer
sequence had, howeyer, t0& specified
months before the event, when the
1mes of Impact were still very uncer

e chralinis

e
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tun. Te Cover for these uncertaln-
ties, many more images had to he
recorded than could be returned 1o
the earth over the low-gain antenna.
Tape-scarching 1echniques such as
those used during theida flyby were
invoked. Moreover, analysis of the
events obscrved from the earth and
the Hubble Space Telescope helped
astronomers to locate@ pilay back
only the scctions of the recording
that held data from the impact.
Gulileo was able to observe the vis-
ible and near-infrared light from the
entry itnd explosion of several frag-
ments of the comet, Among the most
spectacular Umages Were those of £
the last cvent, Taken in grecn light at
in tervals of 2.33 seconds, these ple- ¢
turns show a gibbous Jupiter with a i
bright point of light appearing, bright- ¥
ening and then fading away on ‘the *
ulghe Side of the planer, marking the
ficry deatb Of the prosaically named
W frapment.

were also recorded by ultraviolet,
phoiopol arimeter, .

dct
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JUPITER ATMOSPHERIC PROBE will pene-
rate the plemet art December 7, 1995, Much
of the heat shiald (below) will burn away; the
Critica! data ou the Jarge “G” evenl pmmbe( “udmm‘”lemm‘ﬁmﬁf Nos
devices win measure wind speesi, cloud cor’
radiometer and position, lighting frequency and other as

infrared experiments. They aliowed pects of the atmosphere,

direct caleulatipn of the size, tem-
perature and altitude of the ficeball.
Itemerged as a gJob of about eight kilo-
meters in width ang 7,500 kelvins in

{.)emg ranidfy ling an
)ng -4 1‘1 rose in amaosp cre
‘o analyze will sake years,

From mid-1994, Galileo’s dust detec-
et

toy, which measures impacts from mi-
cromeleorolds 1o larger than the parti-
cles in cigarerte smoke, had begun to
record dust streams coming from the
direction of Jupiter. This pagt August,
while still 39 miffon milog from the
planct, Calilea plowed through the most
intense dust storm ever measured. Bv-
ery day for four weeks the detector was
spattercd by up to 20,000 particles
traveling at 40 to 200 kHomerers pet
second. The dust grains, which are teo
small t v dampge the cuft, may origt-
nate either from the rings of Jupiter or
from the volcanoes of its moon lo. They
probably are clectrically charged grains
that were accelerated by Jupiter’s mag-
neric ficld and flung far out into space.

in Oclober Galileo's mission planners
expericnced one more unexpected Jjolt.
The 1ape recorder, which had secved

of the tape.
As of 1his writi 1@ 1eam's best puess
is that the recorder ¥broken. The space-

cmf 1 5till has some solid-state memory,
which can be used ta stoce and Gansmit

M“O
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high-resolufion Tmages—about half the
number the tape recorder would have
allowed.

Galileo's farrival at Jupiter on Decem-
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ber 7, 199s, wil mark the startof {ts
primary mission, The data from the
probe, an extremely vatuable but smatt
data ser (It can fit on a Boppy disk),

will be played back in their entirety.
Galileo will then concentrate on a rul-

titude of measnrements of the giant
planet, its four largest moons and its
mammoth magnetic field.

Ry that time, the spacecraft's capabilt-
tles Will be significantly enhanced. when
Caltlees computers were originally pro-
grammed, datacompression techniques
were quite primitive. A completely new
serof software for the computers on
board willallow extensive processing,
edjtdng and compression of data on
board the spacecraft, increasing the in-
fonnahun conhtent in ex bl&bysaf
1or of }0 or more. &

In addifiay, the: Deep Space Netwo
will have been moditied 10 pick vp the
faint signats from the Jovw-galn anten-

33,0 LU ou
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na. The DSN is a group of three
tracking complexes: at Goldstone,
Calif., Madrid, $pain, and Canberra ,
Australia. Set 120 degrees in longi
Me @ part, the stations permitany
spacecraft 1o bein view at any time.
(Tracking time on DSN {s an impor-
lant bargaiing chip for NASA b col-
labqrauve space projects.)

The antennae are typically used
separately to track different space-
craft. But when great sensitivity is
required, they tan be tuned electron-
ically to creare effectively a much
larger receiving dish. Vayager treed
this capability when viewing Uranus
axl Neptune, and Gaillea will make
routine use Of the technique while
surveytng Jupiter.

These improvements, combined
with other changos in the way the
spacecraft encodes data, will in-
crease the information capacity of
the telecommunications link up to
1,000 bitx per second. With this ca-
pabilfty the prirary goals of Gali-
leo—those involving high-resohtinn
data ON the objects wwill near rind a
survey of the magnetic fickd—will be
realized. Galllea will view the Jovian
satellites with. the resolution that

LANDSAT, for example, ma the |
earth.’Some other projects, such as ob-

xerving lo at close range, measuring
magnetospheric phenomena at ver
high troe ?esalungns or y
tion picturne of, sewy the Graat
will not be possible wﬂhuul lhe high-
gam antenna and the tape reconder.

One can never say what might have
been discovered by the broad, sweeping
look at the Jovian system that was orig-
inalty envisaged. But the Galileo team
has already deynonstrated that it can
make reruarkable discoveries by clever
use of extremely low bit rates. [ estimate
thay at least 50 percent of the mission’s
objectives will be met,fand | eagerly an-
tdpate some fascinating surprises.
From these new data will flow the un-

erstanding and questions (o fire the
imaginaﬂons «wfthe next generation of
cxplorers.
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